(19) 



J 



Europmschea Patentamt 
European Patent Office 
Office europeen dea breveta 



(11) 



EP 1 291 026 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of puDlication: 


(51) lntCi7: AdiL3i/1U, AdiLoI/ID 




IdC.UO.^UUO Dllllclin ^UUO/ 1 1 


(21) 


A__I!_m(!^_ 11 Jill 1 1 flDOC 4 

Application numDer. u2u19o9d,z 




(22) 


Date of filing; 06.09.2002 




(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• Uchida, Yasumi 




IE IT LI LU MC NL PT SE SK TR 


Funabashi-ahi, Chlba 274-0063 (JP) 




Designated Extenaion States: 


• Uchlda, Haruko 




AL LT LV MK RO SI 


Funabashi-ahi, Chlba 274-0063 (JP) 


(30) 


Priority: 10.09.2001 JP 2001273832 


(74) Representative: HOFFMANN - EITLE 


Patent- und Rechtsanwdlte 


(71) 


Applicant: Yasumi Uchlda 


Arabellastrasae 4 




FunabashhshI, Chlba 274-0063 (JP) 


81925 MQnchen (DE) 



(54) Therapeutic tool for treating vascular diseases 



(57) Tlie present invention relates to a therapeutic 
tool for vascular diseases, which is coated with a dye- 
containing resin that comprises one or more biocompat- 
ible dyes selected from the group consisting of sulfonic 
acid a2o dye, phtiialein dye, triphenylmethane dye, 
phenantrldium dye, acrydlne dye, xanthenedye, pheno- 
thiazine dye and cyanine dye; a nnedical treatment by 
the use of the therapeutic tool for vascular diseases; and 
a method of preventing vascular restenosis caused 
mainly through inhibition of migration of vascular pro- 
genitor celts by administering the medical treatment to 



a subject. 

Since the present therapeutic tool for vascular dis- 
eases is capable of staying in vivo for along term , a med- 
ical treatment such as angioplasty (coronary angi- 
oplasty, peripheral angioplasty, cerebral angioplasty, 
etc.) and blood vessel bypass (coronary bypass, periph- 
eral bypass) by the use of the present tool can effectively 
inhibit the generation of blood vessel restenosis by in- 
hibiting migration of vascular progenitor ceils. Thus, the 
present tool is extremely useful in clinical situations. 
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Description 

Technical Flew 

5 [0001] The present invention relates to a therapeutic tool capable of effectively prevent vascular restenosis, 

[0002] Also, the present Invention provides methods for preventing vascular restenosis of various categories by 
inhibiting migration of vascuiarprogenitor ceils which are circulating In the blood Into the blood vessel wall, i n a preferred 
embodiment, the compound is selected from clinically appiicabid dyes such as Evans blue ( blue dye), Ethldlum bromide 
( fluorescent dye) and their analogues, and combination of one of them. A delivery system of them Is selected from 

^0 compound eiuting stent, compound eluting graft and compound eluting stent-graft. 

Background Art 

[0003] Restenosis is one of the serious complications of vascular interventions, such as balloon angioplasty, laser 
angioplasty, atherectomy and stenting. It also occurs after bypass grafting using autologous vessels or artitlclat grjafts. 
Despite the use of drugs which inhibit platelet aggregation, thrombosis, smooth muscle proliferation, and/or im m 
uno-suppresive and anti-cancer agents, restenosis occurs in 1 0-40% of patients who undenvent vascular interventions 
or grafting. However, there are no clinically available compounds or tools which can completely prevent restenosis (Dl 
Mario C: Heart 84: 471-475. 2000). 
20 [0004] It has been generally believed that vascular snnoolh muscle ceils (SMCs) pre-existing In the media migrate 
into the Intima, proliferate excessively and differentiate into collagen fibers with subsequent production of abundant 
extracellular matrix, resulting in intimat hyperplasia and accordingly In restenosis ( Schwartz RS: Am J Cardiol 81 : 1 4E- 
17E. 1998). 

[0005] Recently, however, it was demonstrated that bone marrow- derived vascular progenitor cells migrate into the 
^ intima from vascular lunnen and cause intlmal hyperplasia of mechanically injured animal vessels ( Orllc D. et al: Prdc 
Natl Acad Sci USA 98: 1 0344-1 0349. 2001 ; Sata M et al: Nature Science 8: 403-409. 2002.). Also, the progenitor cells 
participate in restenosis at the site of implanted artificial grafts and aortic transplant arterlopathy (Shimlzu K: Nature 
Science 7: 738-741. 2001). 

30 Disclosure of the invention 

[0006] The present inventors found that circulating vascular progenitor cells are positive not only to factors such as 
CD34, GFAP, factor 8 and vimentin but also to beta-smooth muscle actln, Indicating that they have potentials to dlffer- 
endate into endothelial cells, smooth muscle cells, fibroblasts and glial cells and that they migrate through the walls 
35 of vasa vasoium, such as capillaries, arterioles and venules Into the Interstitial space of the adventitia of injured vessels. 
The present Inventors also found that In mechanically damaged arteries they migrate into the Intima by three routs, 
namely 1) from adventitia traversing and destructing the media, 2) directly from the lumen and 3) from newly formed 
vessels In the hypertrophic neolntlma, and proliferate producing extracellular matrix, and their migration from adventitia 
into the intima plays the major role In Intlmal hyperplasia and resultant restenosis ( Uchida Y et al: Circulation J 66 
(SuppI 1): 273, 2002). 

[0007] Therefore, it was undertaken to find out the compounds which effectively prevent migration of the circulating 
progenitor cells into the vessel wall and to develop clinically applicable tools by which the compounds can be locally 
delivered. 

^9 Brief Description of the Drawings 
[00081 

Fig. 1 shows migration of vascular progenitor cells (identified by beta-smooth musde actln stain) from lumen into 
so the mechanically injured coronary arterial wall of beagle dog and its prevention with local administration of Evans 

blue. A (upper left): a circulating vascular progenitor ceil (an-ow). B (upper right): progenitor cells migrating into an 
Injured coronary segment (arrows). C (lower left): progenitor cells migrated Into the Intima (arrows). D (lower right): 
a coronary segment treated with Evans blue. A and B: 2 weeks after balloon angioplasty. C: 4 weeks after balloon 
angioplasty D: 4 weeks after balloon angioplasty and local delivery of 2% Evans blue solution by a porous balloon. 
Ptq.2 shows sch ematlcjiBpres^JitatLQC^ dve^gQate4^Mts^^^^ 



\ 



axis configuiationof a sient'strutTC: a strut^witTTcircuiar grooves. D: a strutwith spiral grooves. 1 : a stmt. 2: rapidly 
eiuting dye layer. 3: gradually eluting dye layer. 4: strut core. 6: circular prominence. 7: spiral prominence. 
Flg.3 shows a commercially available stent (NIR stent) coaled with Evans blue. A (left): the stent in expanded state 
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(arrow). B (middle): the stent In the distilled water showing rapid elutlon of Evans blue. 1 : stent. 2: eluted Evans 
blue. C (right): the stent mounted on a balloon catheter. 1 : stent. 2: balloon catheter for coronary angioplasty. 
Flg.4 shows schematic representation of dye-coated artificial graft. 1: rapidly eluting layer 2: gradually ©luting 
layer 3: artificial graft. 

5 Fig,5 shows an artificial graft ( Goatex EPTFE ii. 4mm; W.L.GORE & ASSOCIATES INC. Flagstaff. USA) coated 

with Evans blue. Arrow: Evans blue layer 

Fig.6 shows angioscopic and histologic appearances of the stented coronary segments. A (upper left): angioscop- 
icaliy identified severe stenosis of a coronary segment 4 weeks after Implantation of a Palmatz-Schatz stent without 
coated with Evans blue. B (upper right): angloscoplcally identified no obvious stenosis in a coronary segment 
10 Implantedwith a Evans blue coated Palmatz-Schatz stent. C (lowerleft) and D (lower right): fluorescent microscopic 

appearances of the coronary segments showing collagen deposition. Fluorescence of collagen was excited by 
360nm and collected by 430nm. C and D correspond to A and B, respectively. x40. Arrows: stent strut. Arrow 
heads: intima. L indicates coronary lumen. 

Fig. 7 shows percentage stenoses of the coronary artery of beagle dogs 4 weeks after implantation of stents coated 
f9 with or without Evans blue or Ethldlum bromide. EB: Evans blue. Et: Ethldium bromide 

Fig.B shows percentage stenoses of the common carotid artery of beagle dogs 3 months after grafting of the 
artificial grafts coated with or without Evans blue or Ethldium bromide. 

Best Mode forCanving Out the invention 

20 

(a) Dyes and dye*containing resins 

[0009] The biocompatible dye used in the therapeutic tool for vascular diseases of the present invention is a dye 
that has been used as a dye for a medical use such as a dye for medicine, living body or biomaterials, and a dye for 
25 use In foods, whch bfocompatibledye can be administered in mammal, including a human, and which is selected from 
sulfonic azo dye. phthaleln dye, triphenyimethane dye. phenanthridlnlum dye. acrldlne dye. xanthene dye. phenothl- 
azine dye or cyanine dye. 

[0010] The sulfonic azo dye used herein may be an azo dye having a group -SO3., the examples thereof including 
a naphthalene sulfonte azo dye, such as Evans Blue, Trypan Blue, Trypan Red, and Orange B; Polar Yeiksw. Orange 

30 I and Orange II. The examples of the phthaleln dye Include phenol phthaleln and phenolsulfophthaieln. The examples 
of the triphenyimethane dye include Gentian Violet and Fuchsin (Majenla). The examples of the phenanthrldinium dye 
include Ethidium bromide. Ethldium chloride and Propidium iodide. The examples of the acrldine dye include Acridine 
Orange, Acrldlne yellow, 9-amlnoacr1dlne, Acrlflavin, and Proflavin. The examples of the xanthene dye Include Rhod- 
amine B, Sulforhodamlne, Fluorescein and Eoslne. The examples of the phenothiazine dye Include Methylene blue, 

35 Toluidine blue and Azur (A. B). 

[0011] Among them, preferred are naphthalene sulfonic azo dyes such as Evans Blue, Trypan Blue, Trypan Red 
and Orange 8; and phenanthrldinium dyes such as ethidium bromide and propidium iodide, with Evans Blue and 
ethldium bromide being especially preferred. 

[0012] Such dyes exhibit an action of Inhibiting adherence and invasion of smooth muscle cells (vascular progenitor 
40 cells) Into a site enlarged by a balloon of dog's coronary artery. 

[0013] Evans blue and Its derivatives are the compounds which effectively inhibit migration of circulating vascular 
progenitor cells into the vessel wall after angioplasty in animals. 

[0014] Evans blue and its derivatives are the compounds which prevent vascular restenosis after angioplasty in 
animals and man. 

45 [0015] Ethidium bromide (Homljium) and Its derh^tlves are the compounds which prevent migration of circulating 
vascular progenitor cells into the vessel wall after angioplasty in animals. 

[0016] Ethldium bromide (Homljium) and its derivatives are the compound which prevent vascular restenosis after 
angioplasty in animals. 

[0017] Evans blue and Ethidium bromide and their derivatives are the compounds which prevent coronary restenosis 
so induced by angioplasty (balloon angioplasty, stent implantation, cutting balloon angioplasty, laser angioplasty, direc- 
tional angioplasty, etc) and bypass grafting in patients. 

[0018] Other dyes such as sulfonic acid azo-dyes. phthaleln dyes, triphenyimethane dyes, phenantholljlum dyes, 

acrlzlne dyes, xanthine dyes, phenotlazlne dyes and cyanide dyes which are clinically applicable. 

[0019] Thus, an angioplasty that uses the present therapeutic tool for vascular diseases coated by the dye-containing 

effectively preventing vascular restenosis. 

[0020] The dye-containing resin of the present Invention Is prepared by mixing the above-recited dyes and a resin. 
Such resins are not limited, provided that they have extensibility, flexibility and moisture-permeability, which are prop- 
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erties suitable tor film formation, and display no drawback when applied In vivo. The examples thereof Include poly- 
olefins such as polyethylene, polypropylene, polybutene, SEBS, SIS, polyolefin copolymers; acrylic resin such as 
polymethylmethacrylate; f I uoro resins such as polytetrafluoroethylene; thermoplastic resins such as polystyrene, poly- 
vinyl chloride, polyurethane, pplyamide, polyester, cellulose, polycarbonate^ nylon, silicone^ and natural rubber latex. 

(b) Invented tools for local administrations 

[0021] The therapeutic tool for vascular diseases of the present Invention Is prepared by coating the surface of a 
therapeutic tool that is used generally in angioplasty with the above-recited dye-containing resin. No limitations are 

to Imposed on the shape and material of the therapeutic tool except that It Is for use in a therapy of blood vessel, and 
can be retained In blood vessel. Such a material may bo either biodegradable (autoabsorbable and autoiyseable) or 
bionondegradable, and is exemplified by metals or ceramics such as stainless steel, nickel -titanium alloy, and tantalium; 
nonbiodegradable materials such as polyethylene tetrafluoride, polyethylene triflupride, polyethylene, polyethylene 
telephthalate, and polypropylene; and biodegradable materials such as polylactic acid, polyglicolk: add, and poly a- 

f5 amino add. 

[00221 No limitations arB imposed on the shape of the tool, provided that It Is strong enough for stably staying on the 
Inner wall of blood vessels, preferable examples thereof being a cylindrical shape fomned by net. Specif bally, preferred 
are stent, stentgraft, catheter, balloon, artltlclal graft, with the stent and artificial graft being partlculariy preferred. The 
shape of the stent may be coil, or net-cylinder, and may further be rigid or flexible stent. 
20 [0023] The therapeutic tool for vascular diseases may be a stent, artificial graft, stent-graft or balloon. The Internal 
diameter, external diameter and length of the stent are In the range from 0.05 mm to 5 cm, 1 mm to 5.4 cm, and 0.5 
cm to 30 cm, respectively. 

[0024] The therapeutic tool for vascular diseases may be an artificial graft whose Internal diameter, extemal diameter 
and length are in the range of from 0.1 mm to 5 cm, from 0.2 mm to 5.5 cm, and from 5 mm to 50 cm, respectively 

2S [0025] The therapeutic tool for vascular diseases may be a stent-graft whose internal diameter, external diameter 
and length are in the range from 0.5 mm to 5 cm. from 0.7 mm to 5.5 cm, and from 0.5 cm to 50 cm, respectively. 
[0026] Stents covered with one or more of the compounds listed In (a) enable rapid and gradual elutlon of the com- 
pounds Into the vascular wall. Artificial grafts and stont-grafts covered with one or more of the compounds listed in (a) 
enable rapid and gradual elutlon of the compounds Into the vascular wall. 

30 [0027] Coating of the dye-containing resin onto said therapeutic tool may be carried out by dissolving a resin Into an 
organic solvent, including ordinary alcohols, ethers such as dioxane, aprotic polar solvent such as dimethylfomnalde- 
hyde, dimethylsu If oxide; mixing a dye therein; dissolving the dye at room temperature or under heat If necessary to 
produce a dye-containing resin solution; dipping the therapeutic tool In the solution or spraying It on the tool; followed 
by drying and fertilizing. In order for the dye to release immediately after the Insertion of the therapeutic tool and 

35 continue to relieve over a long time, it is preferred that following the coating, a further coating of a solution of a dye or 
a polymer (gelatin, hydroxypropylmetbylcellutose, etc) that contains the dye be made to obtain a multilayer coating. 
For example, a release-continuing layer may be first formed by coating the tool with a dye-containing resin solution 
using urethane resin, and then an abrupt release layer may be formed by coating the firstly coated layer with hydrox- 
ypropylmethylcellulose containing a dye or gelatin solution. 

40 [00281 The dye content In the dye-contalning resin solution Is preferably 1-50%, suitably 1-25%, and especially 
10-20%, In temns of restenosis prevention. 

[0029] By the use of the thus obtained therapeutic tool for vascular diseases of the present invention, restenosis 
caused by interventional and surgical therapies of atherosclerotic, thrombotic and inflammatory obstruction of coronary, 
cerebral, pulmonary, peripheral, abdominal vessels, and large vessels such as aorta and caval veins, can effectively 
45 be prevented. 

Examples 

Example 1 . Demonstration of Migration of Vascular Progenitor Cells into the Injured Coronary Arterial Wall and Its 
50 Prevention by Local Delivery of Dyes 

Materials and Methods 

[0030] Adult beagle dogs of either sexes weighing from 7 to 12 kg were anesthetized with pentobarbital sodium 

tudinally incised to expose the right common carotid artery and an 8 F sheath was introduced, through which an 8F 
guiding catheter was Introduced Into the left coronary ostium for angiography. After angiography, a balloon catheter 
(2.5mmx20mm) was Introduced through the guiding catheter into the middle to distal segment of either the anterior 
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descending or circumflex arter/. Then, the balloon was Inflated at 9 atms to dilate the segment to Induced disruption 
of the endothelium and internal elastic lannina. The balloon catheter was replaced by a porous balloon catheter 
(3mmx20mm) with multiple pores In the balloon ( Clinical Supply Co. Glfu, Japan) for local delivery of dyes. Thereafter, 
0.2 ml of 5% Evans blue saline solution was Injected through the porous balloon into the dilated segment at 3 atms In 

s 6 dogs and 0.5ml of 5% Ethidium bromide saline solution was injected similarly in 5 dogs. In other 6 dogs. 0.5ml saline 
alone was Injected as the control group. The porous balloon and sheath were then removed and the Incised wound 
was closed. After recovery from anesthesia, the dogs were cared according to the guideline of our university {Jikei 
University School of Medicine) ethical committee. One week later, the dogs were anesthetized again and coronary 
angiography was repeated. Then, the heart was arrested with intracoronary pentobarbital sodium and the heart was 

10 removed. The heart was fixed with 1 0% honnaldehyde. The dilated coronary segment and Its sunx>undlng tissues were 
removed and sliced, vascular progenitor cells were stained with beta-smooth muscle actln antibody (DAKO EPOS, 
Glostrup.Denmark) and the number of vascular progenitor cells/ 250x250 ^m^ was counted. 



Results 

15 

[0031 ] In Flg.1 . A. B and C show a circulating vascular progenitor cell in the coronary artery, those attached on the 
coronary luminal surface and those migrated into the coronary wall of control dogs, respectively. In contrast, no migra- 
tion of the ceils was observed in the coronary wall treated with Evans blue as shown In D. 

[00321 As shown in Table I, the number of vascular progenitor cells/ unit area was significantly smaller in the dogs 
20 treated with Evans blue or Ethidium bromide. 



Table I 



Effects of Local Delivery of Evans Blue and Ethidium Bromide on Migration of Vascular Progenitor Cells into the 

Coronary Arterial Wall 




Number of dogs 


Number of ceils (250 X 250^m2) 


Control group 


6 


7.3 ±1.3 


Evans blue group 


6 


0.8 ± 0.3" 


Ethidium bromide 


5 


0.4 ±0.1** 



*** P<0.O1 vs oorirol group. 



Conclusion 

[0033] The results indicate that both Evans blue and Ethidium bromide inhibit migration of circulating vascular pro- 
genitor cells into the injured coronary wall in dogs. 

Example 2. Production of Dye-coated Thole for Treatment of Vascular Diseases 

1 . Dya-eluting Stents 

[0034] 

a) A soft polycarbonate urethane with risin blonate (Blonate 80A, Pollmertech, USA) was used. Evans blue powder 
was dissolved In the blonate to make 20% Evans blue solutlcn. A commercially available coronary stent (NIR stent, 
3mmx1 2mm or Palmatz-Schatz stent, 3mmx1 2mm) was immersed into the solution for 1 0 min to form slowly eluting 
inner layer. Then, the stent was dried at room temperature. Evans blue powder was dissolved in distilled water to 
make 20% solution. The same stent was immersed into the solution for 1 0 min to make rapidly eluting outer layer. 
The stent was dried at room temperature. Then, the stent was sterilized with ethylene oxide gas. In the preliminary 
experiment In vitro, Evans blue began to elute from the outer layer Immediately after and ceased to elute within 
60 min after immersion into water. Evans blue began to elute from the inner layer 60mln after immersion into water 
and continued to elute for up to one month. 

Similarly, a stent was Immersed Into 1 0% Ethidium bromide blonate solution and then into 10% Ethidium bromide 
water solution to make a double dye-layered stent. 



b) An expandable, flexible and water-penneable urethane resin with Sanpren LQ-336N (Sanyo Chem Co, Tokyo, 
Japan) was mixed with DMFto make 30% resin solution. Either Evans blue powder or Ethidium bromkje powder 
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was added to the solution so as to make 20% Evans blue solution or 10% Ethldlum bromide solution. Then, a 
coronary stent described above, was Immersed Into the solution to make a slowly eluting layer (inner layer). There- 
atter, stent was dried and then Immersed Into 20% Evans blue water solution to mal<e a rapidly eluting layer (outer 
layer). Thereafter the stent was sterilized similariy. 

5 

c) Fig. 2 shows schematic representation of dye-eiuting stent thus made. In order to mount the dyes In larger 
amount and to prevent exfoliation of the dye layers during expansion of the stent, the stent strut should have 
circular or spiral grooves as shown In C and D of the figure. Fig. 3 shows a NiR stent covered with double layers 
of Evans blue. From left to right panel, the stent in expanded state, rapidly eluting Evans blue from the strut In 
10 water and the stent mounted on a balloon catheter, respectively. 

2. Dye eluting Artificial Grafts 

[00351 A commercially available artificial graft with Regular Graft ( Goatex EPTFE 4mm,W.L.GORE & ASSOCIATES 
IS INC, Flagstaff, USA) was used. The graft was cut Into 5 cm In length. The entire luminal surface and outer surface of 
both cut ends 5 mm In length were coated with above-described blonate or Sanpren solution of either Evans blue or 
Ethidium bromide to make slowly eluting layer (Inner layer). After dr/ing. the surfaces were again coated with aqueous 
solution of either of these dyes to make rapidly eluting layer (outer layer). Thereafter, the graft was sterilized with 
ethylene oxide gas and was stored until use. 
20 [0036] Fig. 4 shows schematic representation of the dye-coated artificial graft and Fig. 5 shows an artificial graft 
double coated with Evans blue. 



Example 3 Implantation of Dye-eluting Stents Into Canine Coronary Artery 
2S Materials and Methods 

[0037] Beagle dogs of either sex was anesthetized with pentobarbital sodium (25 mg/kg, l.v.) and trachea was Intu- 
bated for artificial respiration with air. The right side of the neck v/as incised longitudinally to expose right common 
carotid artery. An 8F sheath was Introduced Into the artery through which an 8F guiding catheter was introduced Into 

30 the left coronary artery. After coronary angiography, a balloon catheter clinically used for PTCA was Introduced to dilate 
anterior descending artery. Then, a balloon catheter with a dye-eluting stent on it was introduced Into the dilated seg- 
ment of left anterior descending artery and it was Inflated at 9 atms to implant the stent After recovery from anesthesia, 
the dogs were cared according the guideline of Jlkei University School of Medldne. One month later, the dogs were 
anesthetized again and coronary angiography and angloscopy (Uchlda Y: Coronary Angloscopy, Futura Publishing 

35 Co. NY. 2000) were performed to examine the changes in the slented coronary segment. In other group of dogs, the 
stent coated with blonate or Sanpren which did not contain dyes was Implanted and this group of dogs was used as 
control. Thereafter, the dogs were sacrificed with intracoronary pentobarbital and the heart was removed. The heart 
was fixed with 1 0% hormaldehyde solutton for mteroscopic examination. 

[0038] The coronary angiograms were used for calibration of the percentage stenosis, namely ( diameter before 
^o stent Implantatlon-mlnlmum luminal diameter/ diameter before stent implantation) x 1 00 of the narrowest portion (min- 
imum luminal diameter) In the stent and was compared. Student's t test was used for statlstteal analysis and when 
P<0.05. the value was considered significant. 

[0039] The stented coronary segment was removed and cut into slice in 5 \im in thickness. The slices were stained 
With beta-actin antibody and the number of vascular progenitor cells per unit area was counted and was compared 
43 between the dye and control groups. 



Results 



[0040 J Fig. 6 shows angioscopic appearances of the interior of the stented coronary segments and their fluorescent 
50 microscopic changes. In control dogs, severe narrowing of stented coronary segment was observed as shown in panel 
A. On the other hand, in Evans blue group, stenosis was mild and the dye remained In the wall as shown in panel B. 
Collagen In the wall was excited by ultraviolet ray at 360nm and collected at 460nm. The Intima of the control group 
was thick and occupied with collagen as shown In panel C whlle.lt was thin in dye-treated group as shown in panel D. 
Similar changes were obsen^ed In Ethidium group. 
3e«»iyta g 8=^eTOsis=oi^l»e^te«l8d<:of4»« aQ ^e g f^ients^=^^ 

was significantly smaller in Evans blue and Ethidium groups and percentage stenosis exceeding 50% was not observed 

In the dye groups. 

[0042] Table II shows the results the number of progenitor cells in the intima, media and adventitia of the stented 
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coronary segment. 



Table II 



Vascular Progenitor Cells in the Stented Coronary Artery 




Number of dogs 


iNUmoer or cens ^^ou x £Ou ^un"/ 


Intima 






Control group 


6 


37.8 ± 7.7 


Evans blue group 


6 


7.1 ± 3.2** 


Ethidium group 


6 


8.3 ± 3.r* 


Media 






Control group 


6 


22.2 ± 7.0 


Evans blue group 


6 


8.0 ±4.0* 


Ethidium group 


6 


9.6 ±5.0* 


Adventitia 






Control group 


6 


40.2 ±11.0 


Evans blue group 


6 


17.0 + 7.1* 


Ethidium group 


6 


21 .3 ± 9.9* 



• P<O.OS, 

P<0.01, vscootrol. 



^ Conclusion 

[0043] The results indicate that coronary restenosis and migration of vascular progenitor cells Into the coronary artery 
are Inhibited by dye-eiutlng stents. 

^ Example 4. Grafting of Dye-eluting Artificial Grafts to Canine Common Carotid Artery 

Materials and Methods 

[0044] In anesthetized beagle dogs, the bilateral sides of the neck were incised to expose both right and left common 
^ carotid arteries. An 8 F sheath was introduced Into the right femoral artery through which a a F catheter was Introduced 
Into the aortic arch for angiography of the carotid arteries. A dye-eluting artificial graft was sutured to the common 
carotid arteries in side to end fashion to mal<e a shunt between the right and left common carotid arteries. Then, a 
segment of right carotid artery proximal to and that of left distal to anastomoses were ligatured. Thus, the blood drained 
from the left to the right common carotid artery. Similarly in other group, grafts coated with blonate or Sanpren without 
dye were sutured to the arteries as control group. The dogs were cared for 3 months according to the guideline and 
angiography was repeated. Percentage stenosis of the sutured portion was compared between the dye and control 
groups. After cardiac arrest as mentioned above, the grafts and arteries were removed and were used for microscopic 
examinations. 

Results 

[0045] Fig. 8 shows percentage of stenosis at the sutured portion. Percentage stenosis was significantly smaller In 
dye groups. Also, number of vascular progenitor cells per unit area was significantly smaller in the dye groups(Table HI). 



50 Table III 





Vascular Progenitor Cells at the Anastomosed Portion of the Common Carotid Artery 






Number of dogs 


Number of cells (250 x 250 \xm^) 


Control group 


6 


27.9 ±6.0 




Evans blue group 


6 


13.4 ± 470* 




Ethidium group 


6 


11.1 ±3.1* 
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Industrial Applicability 

[0046] These novel dye-coated tools for therapy of vascular diseases are implantable into the human body and can 
be left In the body for long time. Clinically, they are very useful for prevention of restenosis mainly caused by migration 
5 of vascular progenitor cells and which frequently occur after recanalization of obstructed vessels such as angioplasty 
of coronary, peripheral and cerebral vessels and bypass surgery of these vessels. 

/ 

Claims / 

to ! 

I. A therapeutic tool for vascular diseases, which Is coated with a dye-containing resin that comprises one or more 
biocompatible dyes selected from the group consisting of sulfonic acid azo dye, phlhalein dye» triphenylmethane 
dye. phenantridium dye, acrydine dye, xanthene dye, phenothlazine dye and cyanlne dye. 

15 2. The therapeutic tool for vascular diseases of claim 1 » wherein the dyes Inhibit the Invasion of smooth muscle cells 
(vascular progenitor cells) into blood vessel wall. 

3. The therapeutic tool for vascular diseases of claim 1 or 2, wherein the dye Is naphthalenesulfonic azo dye or 
phenantridium dye. 

20 

4. The therapeutic tool for vascular diseases of any one of claims 1 to 3, wherein the dye is Evans blue or Ethidium 
bromide. 

5- The therapeutic tool for vascular diseases of any one of claims 1 to4, wherein the dye content of the dye-containing 
25 resin Is in the range oM -50%. 

6. The therapeutic tool for vascular diseases of any one of claims 1 to 5, which Is a stent, artificial graft, stent-graft 
or balloon. 

30 7. The therapeutic tool for vascular diseases of claim 6, which Is a stent whose Internal diameter, external diameter 
and length are in the range from 0.05 mm to 5 cm, 1 mm to 6.4 cm, and 0.5 cm to 30 cm, respectively. 

8. The therapeutic tool tor vascular diseases of claim 7, wherein the stent Is composed of stent struts coated with 
dye-containing substances such as resin. 

35 

9. The therapeutic tool for vascular diseases of claim 8, wherein the strut is composed of the mixture of resin and 
one of more of dyes the concentration of which is in the range from 1 to 25%, the strut being optionally autoiysoable 
and autoabsorbable. 

40 10. The therapeutic tool for vascular diseases of claim 6, which is an artificial graft whose intemai diameter, external 
diameter and length ars In the range of from 0.1 mm to 5 cm, from 0.2 mm to 5.5 cm, and from 5 mm to 50 cm, 
respectively. 

I I . The therapeutic tool for vascular diseases of claim 10, wherein the artificial graft Is composed of the mixture of the 
45 resin and one or more of the dyes the concentration of which Is In the range from 1 to 50%, the artificial graft being 

optionally autoabsorbable and autolyseable. 

12. The therapeutic tool for vascular diseases of claim 6, which Is a stent-graTt whose Internal diameter, extemal 
diameter and length are in the range from 0.5 mm to 5 cm, from 0.7 mm to 5.5 cm, and from 0.5 cm to 50 cm, 

50 respectively. 

13. The therapeutic tool for vascular diseases of claim 1 2, wherein the stent-graft is composed of artificial graft of any 
kind and stent strut, both of which are coated with dye-containing resin, the concentfBtion of the dye being In the 
range from 1 to 50%, and both of the artificial graft and the stent strut being optionally autolyseable and autoab- 

■ ffg -.„j- i kU fbabl L - - — " ^..^.^ 

14. A treatment selected from percutaneous transluminal vasculoplasty and vascular bypass grafting, characterized 
by the use of a therapeutic tool for vascular diseases coated with a dye-containing resin that comprises one or 
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more biocompatible dyes selected from the group consisting of sulfonic azo dye» phthaleln dye, triphenylmethane 
dye, phenantrldium dye, acrydine dye, xanthene dye, phenothiazine dye and cyanine dye. 

15. A method of preventing vascular restenosis characterized by administering to a subject a medical treatment that 
s uses a therapeutic tool for vascular diseases that comprises one or more biocompatible dyes selected from the 

group consisting of sulfonic azo dye, phthaleln dye. triphenylmethane dye, phenantrldium dye, acrydine dye, xan- 
thene dye. phenothiazine dye and cyanine dye. 
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Fig. 1 
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